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SUBSTRATE SUPPORT WITH ADVANCED
EDGE CONTROL PROVISIONS

BACKGROUND

1. Field

Embodiments of the present invention generally relate to
apparatus and methods for supporting a semiconductor sub-
strate during fabrication. More particularly, embodiments of
the present invention relate to apparatus and method for con-
trolling the apparatus with adjustable edge control provision.

2. Description of the Related Art

Electronic devices and integrated circuits commonly are
fabricated by a series of process steps 1 which layers are
deposited on a substrate and the deposited material 1s etched
into desired patterns. The process steps commonly 1nclude
physical vapor deposition (PVD), chemical vapor deposition

(CVD), plasma enhanced CVD (PECVD), and other plasma

processing. Specifically, a plasma process requires supplying
a process gas mixture to a vacuum chamber, and applying
clectrical or electromagnetic power (RF power) to excite the
process gas 1nto a plasma state. The plasma decomposes the
gas mixture 1nto 10n species that perform the desired deposi-
tion or etch processes.

One problem encountered with plasma processes 1s the
difficulty associated with establishing uniform plasma den-
sity over the substrate surface during processing, which leads
to non-umform processing between the center and edge
regions of the substrate. One reason for the difficulty in estab-
lishing uniform plasma density involves natural electrical,
gas flow, RF delivery, grounding paths, and thermal skews
due to asymmetry in the physical process chamber design.
Such skews not only result 1n naturally, azimuthal, non-uni-
form plasma density, but also make it difficult to use other
processing variables or “knobs” to control center-to-edge
plasma uniformaity.

Furthermore, additional space or mounting provisions
within or around the plasma chamber are always desired for
better uniformity control so that flexibility for future retrofit
with different hardware sets may be increased when different
1ssues or skew pattern are found. Insuificient space for future
processing chamber retrofit may result in significant redesign
when adding future hardware sets, thereby adversely increas-
ing manufacture cost. Incompatibility of the existing and
tuture (e.g., retrofit) chamber parts may also lose flexibility
for minor chamber parts replacement or rearrangement,
resulting 1n rigidity of the plasma chamber design which
increases the difficulty for future hardware enhancement.

Therelore, a need exists for a plasma processing apparatus
that improves electrical, gas flow, and thermal symmetry as
well as providing tlexibility for future hardware enhance-
ments.

SUMMARY

Embodiments of the present invention generally provide an
apparatus with a recess and a cavity formed therein for future
hardware retrofit and uniformity enhancement and methods
for controlling the same. In one embodiment, a substrate
support includes a supporting body having an outer wall, a
ground path disposed against and bounding the outer wall of
the supporting body, a mounting plate coupled to a lower
surface of the supporting body, wherein the mounting plate
includes a lip extending outward from the mounting plate
defining an upper surface; and a recess formed at a perimeter
of the supporting body above the upper surface of the lip of
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the mounting plate, the recess lining on the ground path
extending at least partially to the mounting plate.

In another embodiment, a substrate support includes a
supporting body, a mounting plate coupled to the supporting
body, and at least one cavity defined in the mounting plate
extending at least partially into a main chassis coupled to the
supporting body, wherein the cavity 1s formed 1n a position 1n
the mounting plate outward from lift pins disposed 1n the
mounting plate.

In yet another embodiment, a substrate support includes a
supporting body, aground plate coupled to the supporting
body, a mounting plate coupled to the ground plate, wherein
the mounting plate has a lip extending outward from the
mounting plate, defining a recess above the lip of the mount-
ing plate circumscribing the supporting body and the ground
plate and at least one cavity formed between the mounting
plate and a main chassis coupled to the mounting plate.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner 1n which the above recited features of
the present mvention can be understood in detail, a more
particular description of the invention, briefly summarized
above, may be had by reference to embodiments, some of
which are illustrated 1n the appended drawings. It is to be
noted, however, that the appended drawings illustrate only
typical embodiments of this invention and are therefore not to
be considered limiting of its scope, for the invention may
admuit to other equally effective embodiments.

FIG. 1 1s a schematic sectional view of a processing cham-
ber according to one embodiment of the present invention.

FIG. 2 1s a sectional side view of a substrate support
according to one embodiment of the present invention.

FIG. 3 1s an enlarged partial sectional view of the substrate
support of FIG. 2.

To facilitate understanding, 1dentical reference numerals
have been used, where possible, to designate 1dentical ele-
ments that are common to the figures. It 1s contemplated that
clements disclosed 1n one embodiment may be beneficially
utilized on other embodiments without specific recitation.

DETAILED DESCRIPTION

Embodiments of the present invention provide a substrate
support with advanced edge control provisions. The substrate
support may also include additional space formed 1n the sub-
strate support body to provide space for future hardware
retrofit and uniformity enhancements. In one embodiment,
the substrate support may have a recess formed at a perimeter
of the substrate support. The recess may provide flexibility for
retrofitting additional heating elements, cooling element. RF
ground path and the like so as to improve edge profile control,
therefore, improving control of temperature/gas distribution
proflle across the substrate support and the substrates being
processed thereon. Additional cavities may be formed within
the body of the substrate support for future use as needed to
improve uniformity control across the substrate support and
the substrates being processed thereon.

FIG. 1 1s a schematic sectional view of a processing cham-
ber 100 according to one embodiment of the present mnven-
tion. The processing chamber 100 1ncludes a substrate sup-
port 150 with improved temperature/uniformity control
according to embodiments of the present invention. The pro-
cessing chamber 100 may be configured to process a variety
of substrates, such as semiconductor substrates and reticles,
and accommodating a variety of substrate sizes.
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The processing chamber 100 includes a chamber body 125
defining a processing volume 141. The chamber body 125

may include a bottom 122, sidewalls 126 and a lid 143 dis-
posed over the sidewalls 126. The bottom 122 may be part of
a main chassis 190 adapted to couple to and the substrate
support 150 within the processing volume 141. A slit valve
opening 135 1s formed through the sidewall 126 to allow
passage of the substrates and substrate transfer mechanism
(not shown). A vacuum pump 130 1s in fluid communication
with the processing volume 141 and configured to maintain a
low pressure environment within the processing volume 141.
A plurality of nozzles 136 are positioned around an edge
region of the processing volume 141. The plurality of nozzles
136 may be connected to a gas delivery system 103 and
configured to inject one or more processing gases to the
processing volume 141.

The processing chamber 100 may also include an antenna

assembly 160 for generating a plasma inside the processing
volume 141. In one embodiment, the antenna assembly 160 1s
disposed outside the chamber lid 143. The antenna assembly
160 may be coupled to a radio-frequency (RF) plasma power
source 166 through a matching network 164. In the embodi-
ment of FIG. 1, the antenna assembly 160 includes one or
more solenoidal interleaved coil antennas disposed coaxially.
Alternatively, the antenna assembly 160 may be other suit-
able arrangement.

The substrate support 150 1s disposed in the processing
volume 141. The substrate support 150 supports a substrate
101 during processing. An edge ring 138 may be disposed
around a periphery region of the substrate 101 during pro-
cessing for substrate edge protection. A lift 127 1s movable to
engage lifting pins 128 that raise the substrate 101 above and
lower the substrate 101 onto the substrate support 150. The
substrate support 150 may be an electrostatic chuck coupled
to a chucking power source 120 to secure the substrate 101
thereon. In one embodiment, the substrate support 150
includes one or more embedded heating elements coupled to
a heating power source 152 for heating the substrate 101
during processing. A recess area 153 may be defined around
circumierence of the substrate support 150 to provide for
future use. A RF ground path 157 may also be optionally
installed 1n the recess 153 as needed that provides a low
impedance RF return path as needed. A cavity 158 may be
formed close or 1n a mounting plate included 1n the substrate
support 150. The cavity 158 i1s generally an empty space
which 1s sized to accommodate future enhancements to the
substrate support 150, as further described below. The sub-
strate support 150 also includes cooling channels connected
to a cooling fluid source 154 to provide cooling or heating and
adjusts temperature profile of the substrate 101 being pro-
cessed.

FI1G. 2 15 a sectional side view of the substrate support 150
according to one embodiment of the present invention. The
substrate support 150 includes a supporting body 198 includ-
ing a substrate supporting plate 202, a cooling plate 204, an
inlet/outlet plate 206 and a base plate 208. The substrate
supporting plate 202 includes an upper side 214 for support-
ing a substrate 101 disposed thereon. The substrate support-
ing plate 202 contacts the substrate 101 being processed, thus
providing temperature control to the substrate 101, and also
includes a mechanism to secure the substrate 110 disposed
thereon. The cooling plate 204 is attached to a lower side 218
ol the substrate supporting plate 202. The cooling plate 204 1s
configured to provide cooling or heating to the substrate
supporting plate 202 thus enhancing temperature control 1n
the substrate supporting plate 202. In one embodiment, the
cooling plate 204 includes parallel cooling paths to provide
uniform cooling to the substrate supporting plate 202. The
inlet/outlet plate 206 1s coupled to a bottom of the cooling

5

10

15

20

25

30

35

40

45

50

55

60

65

4

plate 204 to facilitate transterring cooling fluid through the
cooling paths formed 1n the inlet/outlet plate 206. The base
plate 208 1s coupled to the main chassis 190 and 1s configured
to support the substrate supporting plate 202, the cooling
plate 204 and the inlet/outlet plate 206.

The substrate supporting plate 202 may be a substantially
planar disk having a substrate supporting surface formed on

the upper side 214. The substrate supporting plate 202 may be
formed from dielectric material, for example from aluminum
oxide or yttrium containing materials. One or more heating
clements 210 may be embedded 1n the substrate supporting
plate 202 to heat the substrate support 150 and substrate 101
disposed thereon. The one or more heating elements 210 may
be resistive heating elements. In one embodiment, the heating
clements 210 may be independently controlled and form two
or more heating zones to achieve desired temperature profile,
for example, uniform temperature profile or a temperature
gradient across the upper side 214 and the substrate 101 being
processed thereon. In one embodiment, the one or more heat-
ing elements 210 form concentric heating zones. According
to one embodiment, the one or more heating elements 210
form four concentric heating zones that are independently
adjustable relative to each other.

The substrate supporting plate 202 may also include an
clectrode 212. The electrode 212 may be connected to the
chucking power source 120 to secure the substrate 110 by
clectrostatic force. In one embodiment, the electrode 212 may
include one or more conductive meshes embedded 1n the
substrate supporting plate 202.

The cooling plate 204 further includes a diffuser 280 dis-
posed therein. The cooling plate 204 may be a disk formed
from a thermal conductive material, for example ametal, such
as aluminum or stainless steel. The cooling plate 204 has an
upper surface 230 that 1s attached to the lower side 218 of the
substrate supporting plate 202 by solid contact to provide heat
exchange with the substrate supporting plate 202. In one
embodiment, the upper surface 230 of the cooling plate 204
and the lower side 218 of the substrate supporting plate 202
may be bonded by adhesive.

The diffuser 280 1n the cooling plate 204 forms a plurality
of cooling paths for circulating a cooling fluid (or a heated
transfer fluid) from a cooling fluid source to and from the
cooling plate 204. The inlet/outlet plate 206 1s disposed below
the diffuser 280 opposite the cooling plate 204. The inlet/
outlet plate 206 includes a plurality of channels 236 connect-
ing to the cooling path 1n the diffuser 280 for supplying the
cooling fluid 1nto and out of the cooling plate 204. The plu-
rality of channels 236 may be distributed, for example sym-
metrically, across the inlet/outlet plate 206 to improve uni-
formity. The base plate 208 further includes a plurality of
channels 290 aligning with the plurality of channels 236 in the
inlet/outlet plate 206. The cooling plate 204, the diffuser 280,
the inlet/outlet plate 206 and the base plate 208 may be joined
together such that the fluid paths and the channels 236 are
aligned together to provide fluid communication from and to
the cooling tluid source 154.

A ground plate 212 1s coupled to a lower surface 255 of the
base plate 208. The ground plate 212 1s also coupled to the
base plate 208 supported by a mounting plate 1535. The
ground plate 212 1s fabricated from an electrically conductive
material that provides an RF conductive path between the
clectrode disposed in the substrate support plate 202 and
ground.

The mounting plate 155 1s disposed below the ground plate
212 and rests on the main chassis 190 formed as part of the
bottom 122 of the processing chamber 100. The mounting
plate 155 may further include a hollow portion 161 that
accommodates a lift pin plate 220 utilized to displace the It
pins 128 to space the substrate 101 from the substrate support
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150 when the substrate 101 1s transierred into or out of the
processing chamber 100. In one embodiment, the substrate
support 150 includes at least three or more lift pin openings
(only 2 of which are shown) formed through the substrate
supporting plate 202, the cooling plate 204, the inlet/outlet
plate 206 and the base plate 208 for recerving lift pins 128.
The cavity 158 may be formed between the mounting plate
155 and the main chassis 190. The cavity 1s formed outward
from the lift pins 128 beyond the hollow portion 161 formed
in the mounting plate 155. At least one removable plug 163
may be formed in the mounting plate 135 connecting to the
cavity 158. The plug 163 may be removed from the mounting
plate 155 to facilitate future routing of power, such as install-
Ing or connecting wires, power lines, gas lines, or other suit-
able connection mechanisms, with elements disposed 1n the
cavity 158, 11 necessary, for future use. The cavity 158 may
also formed iner from the ground path 262 in a vertical
direction circumscribing the supporting body 198. Details
regarding the cavity 158 will be further discussed below with
referenced to FIG. 3.

The substrate support 150 may also include a central shaft
260 having an mner volume to accommodate leads to power
sources and/or controller. In one embodiment, the cooling
plate 204 may include a plurality of heating power openings
250 configured to recerve leads to the heating elements 210 1n
the substrate supporting plate 202. The cooling plate 204 may
also mclude a chucking power opening 252 configured to
receive a lead to the electrode 212. The heating power open-
ings 250 and the chucking power openings 252 may be
through holes formed near a central region of the cooling
plate 204.

A ground path 262 may be disposed around a perimeter of
the substrate support 150 (or the supporting body 198) cir-
cumscribing the cooling plate 204, the 1nlet/outlet plate 206
and a portion of the base plate 208 for forming RF return or
ground path 1n the processing chamber 100 and forms the
inner boundary of the recess 153. The ground path 262 is
tformed around the substrate support 150 for plasma confine-
ment so as to maintain available pumping area. The ground
path 262 may be fabricated from titanium, aluminum, stain-
less steel, beryllium copper, a material coated with a conduc-
tive metallic coating, or other suitable RF conducting mate-
rial. The recess 153 1s bounded by an outer wall 310 of the
ground path 262 radially outward of the perimeter of the
substrate support 150 (or the supporting body 198). An addi-
tional ground path 157 may be optionally disposed in the
recess 153 as needed for future use. Details regarding the
additional ground path 157 and the recess 153 are formed will
be further discussed below with referenced to FIG. 3.

FI1G. 3 1s an enlarged partial sectional view of the substrate
support 150 of FIG. 2. The ground path 262 1s disposed
around the perimeter of the substrate support 150 (or the
supporting body 198) circumscribing the cooling plate 204,
the ilet/outlet plate 206 and a portion of the base plate 208
above a step 340 defining by an outer wall 312 of the ground
plate 212. A liner 350 may be disposed between the ground
path 262 and the cooling plate 204, the inlet/outlet plate 206
and the base plate 208 for insulation (or between the ground
path or an outer wall defined by the supporting body 198). The
liner 350 1s typically fabricated from ceramic matenals. The
dimension of the ground path 262 1s sized to align and mate
with the dimension of the step 340 of the ground plate 212 so
that the ground path 262 may securely sit on the step 340. A
gap 314 may be optionally defined below the edge ring 138
and above the ground path 262 as needed to provide tlexibility
of retrofitting ground path 262 with different sizes or dimen-
s1ons as needed.
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The mounting plate 155 may have an upper portion 330 and
a lower portion 332. The upper portion 330 has a lip 270
extending from a body 334 of the mounting plate 155. The lip
270 along with the outer walls 312, 310 of the ground plate
212, the ground path 262 and a portion 397 of the mounting
plate 155 collectively define the recess 153 at the perimeter of
the substrate support 150 (or the supporting body 198). The
portion 397 of the mounting plate 155 collectively defiming
the recess 153 above the upper surface 272 of the lip 270 has
a length 395 between about 5 mm and about 20 mm. The
recess 153 may have a width 308 between about 5 mm and
about 30 mm which may be the same as the dimension of the
lip 270 extending from the mounting plate 155. The recess
153 may have a height 399 between about 100 and about 195
mm lining on the outer wall 310, 312 of the ground path 262,
the ground plate 212 and the portion 397 of the mounting
plate 155. The recess 153 may have an upper part 302 and a
lower part 304. The lower part 304 of the recess 153 may
allow the additional RF ground path 157 to be disposed
therein above an upper surface 272 of the lip 270 as needed.
The main benefit of the additional RF ground path 157 i1s to
maintain a concentric ground path, while allocating addi-
tional space in the recess 153 needed for future hardware
enhancements to further control substrate edge uniformaty.
Furthermore, the additional RF ground path 157 may be
optionally disposed therein to meet different process require-
ments or different future arrangements of the substrate sup-
port 150. In one embodiment, the lower part 304 may have a
height between about 25 percent and about 95 percent from
the total height 399 of the recess 153.

The recess 153 defined around the perimeter of the sub-
strate support 150 (or the supporting body 198) preserve an
additional space for future installation of different hardware
sets as needed without significantly rearrangement or rede-
sign of the substrate support 150. The recess 133 may allow
different configurations, sizes, dimensions, and materials of
RF power electrodes, ground path, heating elements, cooling
clements, electrodes, various light sources or any other suit-
able hardware to be installed therein without changing the
existing architecture of the substrate support 150. The recess
153 provides flexibility for the substrate support 150 to be
retrofitted or rearranged 1n any manners without total replace-
ment of the existing parts. Additional hardware sets posi-
tioned 1n the recess 133 may improve edge profile control,
temperature/gas distribution profile and RF power or plasma
distribution across the substrate support 150 as well as the
substrate 101 disposed thereon being processed.

The lower portion 332 of the mounting plate 155 has an
upper surtace 320 defining a bottom 306 of the lip 270 and a
lower surface 316 1n contact with the main chassis 190. The
upper surtace 320 and the lower surface 316 1s connected by
a vertical wall 318, collectively defining a step 314 mating
with main chassis 190 disposed therebelow. The cavity 158 1s
formed between the mounting plate 155 and the main chassis
190, intersecting part of the vertical wall 318. The cavity 158
may be 1n form of individual spaced apart holes, space, aper-
tures, channels, or 1n form of a hollow ring circumscribing
certain portion of the body 334 of the mounting plate 155,
intersecting or without intersecting with the vertical wall 318
defined between the mounting plate 155 and the main chassis
190. It 1s noted that the cavity 158 may be formed in any
places and 1n any numbers 1n the mounting plate 155, 1n the
main chassis 190, at the vertical wall 318 defined between the
mounting plate 155 and the main chassis 190, or any suitable
places 1n the substrate support 150.

In one embodiment, the cavity 158 may have a width 342
between about 10 mm and about 50 mm and a height 344
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between about 10 mm and about 80 mm. In one example, the
height 344 of the cavity 158 may be controlled 1n a manner
that the cavity 158 1s only formed within the body 334 of the
mounting plate 155. In this embodiment, the height 344 of the
cavity 158 1s between about 10 mm and about 50 mm. In
another example, the height 344 of the cavity 158 may be
controlled 1n a range greater than the width of the mounting
plate 155 so the cavity 158 may extend outward from the body
334 of the mounting plate 155 further to the ground plate 212,
even to the base plate 208 or 1n an opposite direction to the
main chassis 190 as needed.

The cavity 158 formed in or bounded by the mounting plate
155 and the main chassis 190 the substrate support 150 may
provide flexibility to implement various hardware sets therein
for future use to improve temperature/thermal/RF uniformaity
across the substrate support 150 and eliminate the likelihood
of skew pattern that may possibly be created. In one embodi-
ment, electrodes, RF power electrodes, cooling/heating ele-
ments, RF ground path, various light sources, additional lift
pins, or other parts may be disposed 1n the cavity 158 as
needed.

Accordingly, an apparatus with a recess and a cavity
formed therein for future hardware retrofit and uniformity
enhancement, especially at the edge, and methods for con-
trolling the same are provided. The recess and cavity formed
in a substrate support may provide flexibility for retrofitting
additional hardware sets as to improve edge profile control,
temperature/gas distribution profile and RF power or plasma
distribution of the substrate support and the substrates being
processed thereon. By doing so, uniformity control across the
substrate support and the substrates being processed thereon
may be advantageously controlled and improved.

While the foregoing 1s directed to embodiments of the
present invention, other and further embodiments of the
invention may be devised without departing from the basic
scope thereof, and the scope thereof 1s determined by the
claims that follow.

The mvention claimed 1s:

1. A substrate support, comprising:

a supporting body having an outer wall;

a ground path disposed against and bounding the outer wall
of the supporting body;

a mounting plate coupled to a lower surface of the support-
ing body, wherein the mounting plate mncludes a lip
extending outward from the mounting plate defimng an
upper surface; and

arecess formed at a perimeter of the supporting body above
the upper surface of the lip of the mounting plate, the
recess on the ground path extending at least partially to
the mounting plate, wherein the supporting body com-
Prises:

a substrate supporting plate;

a cooling plate coupled to the substrate supporting plate;
an mlet/outlet plate coupled to the cooling plate; and

a base plate coupled to the inlet and outlet plate.

2. The substrate support of claim 1, further comprising;:

a ground plate disposed between the supporting body and
the mounting plate.

3. The substrate support of claim 1, further comprising:

a liner disposed between the supporting body and the
ground path.

4. The substrate support of claim 1, further comprising:

a main chassis disposed to the mounting plate.

5. The substrate support of claim 1, further comprising:

at least one cavity defined 1n the mounting plate.

5

10

15

20

25

30

35

40

45

50

55

60

8

6. The substrate support of claim 4, further comprising;:

at least one cavity defined between the mounting plate and
the main chassis.

7. The substrate support of claim 1, wherein the ground
path disposed 1n a lower part of the recess above an upper
surface of the lip.

8. The substrate support of claim 1, wherein the recess has
a width between about 5 mm and about 30 mm.

9. The substrate support of claim 5, wherein the cavity has
a width between about 10 mm and about 50 mm.

10. The substrate support of claim 5, wherein the cavity has
a height between about 10 mm and about 80 mm.

11. The substrate support of claim 5, wherein the cavity 1s
configured to receive an electrode, a RF electrode, cooling or
heating elements, a RF ground path, magnets, coils, light
sources or lift pins to be disposed therein.

12. The substrate support of claim 1, wherein the recess
circumscribes the perimeter of the supporting body above the
lip of the mounting plate.

13. The substrate support of claim 1, wherein the recess 1s
configured to recetve an electrode, a RF power electrode, a
ground path, heating elements, cooling elements, coil, mag-
netic wires, or light sources to be disposed therein.

14. A substrate support, comprising;:

a supporting body;

a mounting plate coupled to the supporting body; and

at least one cavity defined 1n the mounting plate extending,
at least partially into a main chassis coupled to the sup-
porting body, wherein the cavity 1s formed 1n a position
in the mounting plate outward from liit pins disposed 1n
the mounting plate, wherein the supporting body com-
prises:

a substrate supporting plate;
a cooling plate coupled to the substrate supporting plate;
an 1nlet/outlet plate coupled to the cooling plate; and

a base plate coupled to the inlet and outlet plate.

15. The substrate support of claim 14, wherein the cavity 1s
in form of individual spaced apart holes, space, apertures,
channels.

16. The substrate support of claim 14, wherein the cavity 1s
formed at an interface defined between the mounting plate
and the main chassis.

17. The substrate support of claim 14, wherein the cavity
has a width between about 10 mm and about 50 mm.

18. The substrate support of claim 14, wherein the cavity 1s
configured to recerve an electrode, a RF electrode, cooling or
heating elements, a RF ground path, magnets, coils, light
sources or lift pins to be disposed therein.

19. A substrate support, comprising;:

a supporting body;

a ground plate coupled to the supporting body;

a mounting plate coupled to the ground plate, wherein the
mounting plate has a lip extending outward from the
mounting plate, defining a recess above the lip of the
mounting plate circumscribing the supporting body and
the ground plate; and
at least one cavity formed between the mounting plate

and a main chassis coupled to the mounting plate,
wherein the supporting body comprises:
a substrate supporting plate;
a cooling plate coupled to the substrate supporting plate;
an 1nlet/outlet plate coupled to the cooling plate; and
a base plate coupled to the inlet and outlet plate.
20. The substrate support of claim 19, further comprising:
a ground path disposed 1n the recess.
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